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AN ICHTHYOLOGIST LOOKS AT INDIAN PALAEOGEOGRAPHY. 

Today, in India as elsewhere, we are once again inclining towards a unitary 
view of knowledge: indifferent specialization akne leads away from it. This fact 
is not just a suitable, perhaps provocative, introduction to an address such as this, 
for I have experienced its truth deeply in my work. In my principal subject, 
Ichthyology, for example, I have found that the more intensively I studied it, the 
more extensive my enquiries and approaches have become. I had to acquire 
perspectives from other sciences and kindly specialists in other disciplines; I had to 
find relevant patterns of thought in history and patterns of life in geology; and 
periodically I had to reassess what I had learned and relate it to the march of science 
in our country. Otherwise, there was no purpose in learning it. 

On this anniversary occasion, I am encouraged to offer you another of these 
syntheses, my purpose this time being to consider some of the paleogeographical 
problems of India in the light of contemporary information about the evolution and 
distribution of our freshwater fishes. The major points I shall try to make are that 
the northern landmass and Gondwanaland were connected by a land bridge in the 
Assam region until the Middle Eocene; that the Himalayan foredeep of the Miocene- 
Pliocene period could not have been the Indo-brahm or Siwalik River of the 
geologists; and that the Garo-Rajmahal Gap became a physiographic feature of 
India only during the glacial epochs of the Pleistocene. I hope that certain other 
points will also emerge as I proceed. 

Freshwater .Fishes of the Triassic. 

Our earliest known freshwater fishes were Dipnoans or Double-Breathers, 
popularly known as ‘Lung-Fishes’. It is characteristic of them that, in addition to 
having gills for aquatic respiration, their air-bladders are modified to function as 
lungs for aerial respiration. They have not survived in India, but we find their 
fossil remains in the Maleri Beds of the Godavari Valley, which are stated to be 
definitely of the Upper Triassic Period, about 170 million years ago. Their present- 
day discontinuous distribution in Australia, Africa and South America is further 
evidence of their great antiquity. 

The Dipnoans are represented in the Indian fossil fauna by the genus Ceratodus 
Agassiz, which had evolved during the early Triassic in the northern landmass and 
soon became the dominant freshwater fish of the period. It is necessary at this 
stage to have an idea of the geography- of the world during the Trias. There was 
then the Gondwanaland in the south, which, besides Peninsular India, included 
Australia, Madagascar, the southern parts of Africa, South America and Antartica ; 
and a northern landmass in the north, which included North America, Europe, 
Siberia, China and Indo-China. These two continental units are believed to have 
been separated by an east-west running ocean called the Tethys, of which the 
Mediterranean Sea is now the remnant. 

The migration of Ceratodus to the Gondwanaland shows that in the Lower 
Triassic a land bridge had been established, which divided the Tethys Ocean and 
made it possible for Ceratodus to spread all over the Gondwanaland. From India, 
it wandered to Australia in the Lower Triassic, and continued to live there until the 
Upper Cretaceous: its fossils are found in Africa from the Lower Triassic to the 
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Upper Cretaceous, but in South America its fossils are known only from the Upper 
Cretaceous beds. 




Text -pig. 1. The northern landmass and Gondwana daring the Trias. Modified aHcr 
Dr. A. C. Seward ( Plant life through ages, 1931). 

The genus is now extinct, but a very closely allied form, Epicaratodus Teller, is 
now found in Queensland. During my visit to Australia in 1951, I had several 
opportunities of seeing this fish and, not finding it coming to the surface, X wits sur- 
prised to learn that in well-aerated aquaria or ponds, the fish never comes to the 
surface to breathe. Aerial respiration is resorted to only when the water becomes 
foul and deficient in oxygen. It has already been recorded by Bridge (1901, p. 510) 
and Romer (1947, p. 123) that this fish is not capable of burrowing in mud, like the 
Dipnoan fishes of Africa and South America to which we shall refer presently. 

Ceratodus and Climate. 

The distribution of Ceratodus in space and time, and its ecology as' inferred 
from the habits of Epiceratodus, gives us some clue to the climates of the Triassie 
Period. There were large rivers, which often flooded the neighbouring areas and 
filled up extensive perennial depressions. The vegetation, which was carried by 
floods in the same depressions, was still fairly luxuriant. There must have been 
dry periods of prolonged duration when the vegetation decomposed and used up 
dissolved oxygen. These were evidently unfavourable conditions for fishes, but 
Ceratodus could survive them. 

In North America, Europe, Africa and Australia, the dry seasons seem to have 
lasted for longer periods, thus bringing about the fossilization of Ceratodus from the 
Lower Triassie period. India experienced completo desiccation in the Upper 
Triassie, when the Dipnoan fishes perished; but favourable conditions for their 
existence seem to have persisted in other areas until the Upper Cretaceous period. 
In Queensland, the ecological conditions of the Lower Triassie seem to have 
continued, more or less unchanged, to the present timo, with the result that 
Ceratodus has come to us almost in the same form as Epiceratodus in that part of 
the world. 
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In. Africa, Ceratodus seems to have given rise to Protopterus Owen under long- 
persisting marshy conditions, lasting over millions of years, which probably induced 
the habit of burrowing in mud and thereby tiding over conditions of drought. This 
habit led to elongation of the form, degeneration of paired fins, reduction of scales, 
and so on. In South America, these tendencies seem to have been still further 
accentuated with the result that Lepidosiren Fitzinger is more or less, an eel-like 
fish, capable of aestivating in its underground cocoon for very long periods. That 
.such has been the course of events is further illustrated by the modifications under- 
gone by fishes of the Magur family (Clariidae : Siluroidea) on their arrival in Africa 
'from India during the Pliocene period, at the most about 10 million years ago. 

Freshwater Fishes of the Jijrassic. 

After a period of desiccation during the Upper Triassic, the conditions seem to 
have become favourable again during the later Triassic; for we find that the Gond- 
wanaland received an invasion of the Ganoid fishes from the north about the end of 
the Upper Triassic or beginning of the Lower J urassic period. Australia appears to 
have separated from the Gondwanaland at this time, since, no Ganoid fish seems to 
have migrated to Australia. The shrunken Gondwanaland comprised Peninsular 
India, Madagascar, South Africa and South America. 

The remains of the Ganoid genera Lepidotus Agassiz, Tetragonolepis Brown and 
Depedius Leach are found in the Upper J urassic Kota Beds of the Godavari Valley. 
Of these, Lepidotus seems to have arrived earlier, for it spread to Madagascar and 
South America. All the three genera are extinct at present, having died out in the 
Upper Jurassic. In Madagascar, they became extinct in the Lower Jurassic, while 
in South America they persisted till the Lower Cretaceous. 

Freshwater Fishes oe the Cretaceous. 

By the Lower Cretaceous, favourable ecological conditions for fish life seem to 
have been established again, when another invasion of Ganoid fishes ( Pycnodus 
Agassiz, and Lepidosteus Lacepede) took place. Pycnodus is extinct at present, 
but its fossils are known from North America (Lower to Upper Cretaceous), Lurope 
(Lower Cretaceous to Eocene), India (Upper Cretaceous) and Africa (Eocene). 
Lepidosteus appeared somewhat later and is- still living in Eastern North America, 
Central America and Cuba. Its invasion of the Gondwanaland extended only as 
far as India. 

Both these genera became extinct in India with the earliest phase of the lava 
eruptions that formed the Deccan Traps. Their fossils are found in the Upper 
Cretaceous Lameta Beds at Dongargaon. In my opinion, these fishes did not 
survive long in India and Africa to spread to South America, because some later 
records of fish distribution show that South America still formed a part of the 
Gondwanaland during the Upper Cretaceous. Their fossil records from India show 
that trap formation in the Deccan commenced in the Upper Cretaceous, and brought 
about a vast devastation of the fauna and flora. 

Freshwater Fishes oe the Eocene. 

Aftfer the first phase of the extensive lava flow had ended, normal conditions 
gradually returned again; and another invasion of the Ganoid fishes of the genus 
Lepidosteus took place early in the Eocene, about 60 million years ago. They 
provide evidence that the Assam land bridge was still in existence, and that Africa 
and India still formed a part of the truncated Gondwanaland. Another phase of 
volcanic eruption exterminated the last known Indian Ganoid fishes, their fossil 
remains from the Inter-trappean beds at Paharsingha and Kateru being described 
bv mvself in 1938. 
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About the same time, some' Teleostean fishes also invaded the Condwanaland 
from the north. Representatives of one remarkable family, the Osteoglossidav, 
were described from the Inter-trappean beds of DeotUan (Horn, 11KW). The now 
extinct genus Musperia Sanders is not only recorded from India, but from the 
Upper Eocene beds of Sumatra as well; and it is further remarkable that the modern 
genus Sderopages Gunther, an undoubted descendant of Musperia, is now found in 
Thailand, the Indo-Australian Archipelago and Australia. 

The palaeogeographic conclusion is that the mainland of Asia at that time was 
directly connected with Australia, through Sumatra and other islands of the Malay 
Archipelago. Thus, after its severance from the Gondwanaland, Australia became 
directly connected with the northern landmass, but this connection seems to have, 
lasted only for a short period; for the Acanthopterygian fishes that spread to Africa 
and South America on the one hand, and to the Indo-Australian Archipelago on the 
other, do not seem to have reached Australia. 

The varieties of Acanthopterygian fishes known from their fossil scales, 
embedded in the Inter-trappean beds at Deothan, Kheri and Takli, indicate that 
they lived in marshy, estuarine conditions. Some variety of Koi Machch (/’o///- 
canthus C.V.), and allied fishes of the family Nandidae (Nandus C.V., and Pridolepin 
Jerdon), formed the bulk of the fish-fauna of that period, which not only spread 
over the whole of South-East Asia hut also entered Africa and South America. 
Like the Dipnoan and Osteoglossid fishes, the discontinuous distribution of the 
families Nandidae and Anabantidae shows their great antiquity. 

Absence of Freshwater Fishes in the Miocene. 

Though carps and catfishes dominate the freshwater fish-fauna of India today, 
and though they had made their appearance on the mainland of Asia during early 
Eocene times, the conditions over the Assam land bridge do not seem to have been 




Text-pic. 2. 



Transgression of the Bay of Bengal during the Eocene For comnnrianr, » 
of the Cretaceous period is also given. Modified after T> M fi 011 a ff a P 

Nat. Inst. Sci. India, 1, pp . 25-26, 1902) Dr ‘ S ‘ Kwhnan (Bull. 
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favourable for their migration to India. One fragment (a scale) was doubtfully 
referred by me (1938, p. 274) to the Ambramidinae, which includes very primitive 
varieties of the carp family. Some primitive genera of Indian carps are found in 
Africa too, which adds weight to the probability that the early Eocene fish-fauna of 
India included Musperia, Polycantlms, Nandus, Pristolepis and Rasbora; but the 
eruption of the Deccan Traps during the Lower Eocene seems to have exterminated 
them completely. 

During the Middle Eocene, a transgression of the Bay of Bengal northwards 
snapped the Assam land bridge and separated India from the rest of Asia. The 
transgression of the sea also made it impossible for freshwater fishes to invade India. 
The dating of the period of this transgression has been made possible by Sri A. G. K. 
Menon’s recent identification (seen in MS.) of a marine Pycnodont Ganoid fish 
from the Middle Eocene marine deposits of the Garo Hills in Assam. 

With the breaking up of the Assam land bridge, freshwater fishes could no 
longer invade India, while those that had crossed over in the Lower Eocene were 
exterminated by the successive outbursts of lava. Consequently, there was no 
freshwater fish in India throughout the Miocene period. This surmise is supported 
by the absence of freshwater fish in the Indian deposits of this period. 

Freshwater Fishes op the Pliocene. 

The next invasion of freshwater fishes from China to India took place in the 
Pliocene, as we know from the Siwalik fossils. The earliest fossils are those of the 
Siluroid ( Nagur ) genera Glarias Scopoli and Heterobranchus Geoffroy. They are 
specialized air-breathing fishes, which flourish in marshy areas and are capable of 
tolerating very low salinity. The remains of an Aeanthopterian air-breathing fish, 
OpMcephalus Bloch, are also known from the Siwalik deposits, it being presumed 
that this fish wandered to India along with Glarias and Heterobranchus. In the 
Pliocene Siwalik beds, probably of a somewhat later period, are remains of other 
sluggish-water catfishes of the genera ChrysicMhys Bleeker, Mystus Scopoli and 
Rita Bleeker. Somewhat later still, two other genera of Siluroid fishes, Bagarius 
Bleeker and Silurus Linnaeus, probably migrated to India, their remains being 
entombed in the Siwalik rocks. These fishes live in clear waters at the bases of 
hills. 

The freshwater fishes of the Siwalik period enumerated above fall into three 
ecological associations : 

(1) Air-breathing fishes of marshy areas: Glarias, Heterobranchus and 

OpMcephalus. 

(2) Fishes of pools, ditches and other sluggish- water areas; Chrysichthys, 

Mystus and Rita. 

(3) Fishes of clear, flowing waters: Bagarius and Silurus. 

It is presumed that the clear water fishes were the last to arrive in India for the 
following palaeogeographical reasons. 

We have noticed that the Bay of Bengal extended northwards to China and 
Tibet from the Middle Eocene, and that the sea very probably separated India from 
the rest of Asia during the whole of the Miocene. At the close of the Miocene, or 
early in the Pliocene, the sea would seem to have receded southwards, leaving 
stretches of low marshy areas extending between China and India. As most of the 
monsoon winds of that period must have crossed to the north over this marshy 
area, it can safely be presumed that its ecological conditions during the early 
Pliocene must have been similar to those of Lower Bengal at the present time. 

It was under such conditions that the air-breathing fishes populated this region 
and spread to India. In fact, Glarias, Heterobranchus and OpMcephalus were able 
to cross the whole of India and the Middle East to spread as far as Africa. There is 
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abundant evidence from the Siwalik fossils that marshy conditions dominated ^ho 
early Pliocene along the southern foot of the Himalayas. Gradually, marshy 





Text-fig. 3. Distribution of land and sea in the Bengal, Assam and Burma regions during the 
Miocene and Pliocene periods. Modified after Dr. M. S. Krishna n (Bull, 
Nat. Inst. Sci. India, 1, pp. 27-28, 1902). 



conditions were replaced by drier lands, with pools and ditches, winch gave India 
Ghrysichthus, Mystus and Rita. Towards the end of the Pliocene, the low east- 
westwards hills of the young Himalayas seem to have made their appearance in (.he 
region between China and India, thus making the westward dispersal of Sagarins 
and Silurus possible. Therefore, during the Pliocene there were three invasions of 

96 




Text-fig. 4. The Siwalik: foredeep of the Pliocene period. Modified after Dr. M. S. Kriabnan 
(Bull. Nat. Inst. Sci. India, 1, p. 28. 1962 ). 
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freshwater fishes, but they only spread along the base of the young Himai in 
the continuous foredeep. They did not move down into Peninsular India. 

The SrwALiK Eobkdekp. 

The location of all the Siwalik freshwater fish fossils between a narrow stretch 
of the hills between Naini Tal and Jammu raises several points of interest in palaeo- 
geography; and one is almost forced to join in the controversy about the existence 
or non-existence of an Indo-brahm or Siwalik River at the base of the young Hima- 
layas. Much has been written on this subject without achieving unanimity, so that 
a zoologist can be forgiven for taking it for granted that the relevant geological 
evidence is ambiguous. I shall attempt a solution on the evidence of fish 
distribution. 




Text-pig. 5. Northern India showing the Siwalik rock and the fossiliferous beds (indicated 
by white dots) so far known (after A. <3. K. Menon in MS.). 

The location of the Siwalik freshwater fish fossil beds between Ramnagar (near 
Naim Tal) in the east and Jammu in the west indicates that, in the Siwalik foredeep, 
a calm zone for sedimentation existed in this region. In fact, Dr. M. S. Rrishnan’s 
recent palaeogeographical map, in his contribution to the Rajaputana Desert Sym- 
posium, published in the first Number of the Bulletin of the National Institute of 
Sciences of India, may be interpreted as showing that the tidal salt water from the 
west and fresh water from the east mingled in this area, thus producing a dead water 
zone with no appreciable currents from any direction. Now the question is, when 
was the foredeep produced ? And the answer is that on the fossil evidence it was in 
existence in the Lower Pliocene. But its earlier existence is not ruled out, for the 
transgression of the Bay of Bengal since the Middle Eocene permitted no freshwater 
fauna which could yield fossil evidence for the Miocene epoch. 

Geologists tell us that the most violent compressive movements occurred about 
the Middle or Upper Miocene, when the whole of the marine basin, now the seat of ? 
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the Himalayas, was raised up into dry land. According to Dr. M. S. Krishnan 
(1952), ‘the compression had also the effect of forming a depression along tho irons 
(south) of the Himalayas. This was a long narrow furrow, or a series ot lurrows, 
stretching from the north-east corner of India all along the front of Huna aya <o 
Jammu and Potwar Plateau and thence down south to the west of the Indus va ey. 
From the physiography of the country during the Miocene, it can he reasonably 
inferred that the greater part of the drainage of northern India was from east to 
west; and that the furrow referred to above helped to carry the drainage to the 
west into the sea, even though there was no significant gradient, since the sea then 
extended over the Assam region as well. ‘As compression advanced , says Di . 
Krishnan, ‘and the mountains in the north steadily increased in height, the shallow 
depression (technically called the foredeep) at the front became deeper and deeper. 
It is thus clear that the foredeep was formed in the Middle Miocene, since the mid- 
Miocene orogeny was the most violent of all the Himalayan movements. 

Numerous streams must have drained into the furrow from the newly formed 
mountains. During the Murree period (Oligocene — Lower Miocene), the waters in 
the farrow in the north-west Punjab were brackish, but they gradually reached 
freshness by the mid-Miocene. There is evidence in the Punjab Himalayas (from 
the presence of the Murree sandstones) that a furrow may have come into being 
even in the Oligocene. There are no Murree sediments in the East Punjab and 
U.P. Himalayas, but the Dagshai and Kasauli beds in the Simla Himalayas seem 
to have been formed in lagoons. 

Udder Tertiary Geography : The Pliocene Furrow. 

Before proceeding further, let us visualize the geography of northern India at 
about the close of the Miocene and the commencement of the Pliocene. There was 
a chain of low hills in the north, with a continuous narrow furrow to the south of 
them. The Bay of Bengal had receded from the Assam Himalayan region, and 
marshy areas had been formed in the regions from which the sea had receded. The 
migration of fishes from east to west shows that even these marshes drainod into 
the furrow. 

Thus, though there was no actual river flowing from Assam to the Arabian 
Sea, there was a furrow that provided westward drainage for the whole of northern 
India. The waters in this furrow were brackish and tidal as far as Jammu; they 
were calm and dead as far as Naini Tal; thereafter, to the east, they were fresh and 
presumably flowing from east to west. Throughout the Pliocene, this furrow 
formed the repository of everything washed down from the land and the young 
Himalayas, and these sediments ultimately gave ns the Siwalik Hills. 

Let us now follow up the events after the formation of the Siwalik Hills in the 
late Pliocene. 

The Pleistocene Foredeed. 

Dr. Krishnan. (1952, p. 46) tells us that, after the Middle or Upper Miocene 
phase of compression, ‘the next two phases of the compression occurred at the end 
of the Pliocene period and during the Pleistocene to Sub-Recent period. The 
Pleistocene movement was particularly intense in the north-western Himalayas, 
as they brought about the rise of the Pir Panjal Range.’ Dr. D. N. Wadia (1952’ 
p. 14) is also emphatic on this point, for he says that ‘It is a well-documented fact 
that the Himalaya Mountains have been elevated more than five thousand feet 
since the coming of Sian on earth, itself the last great event in our Planet’s history’. 

The result of the compression' movement of the late Pliocene, and the sub- 
sequent Pleistocene movements, raised up the Siwalik sediments into dry land; and 
the foredeep gradually disappeared, leaving a shallow depression in whioh we find 
the Indo-Ganges-Brahmaputra Valleys of the present day. The foredeep 
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apparently moved southward, as the shallowing process went on leaving a narrow 
1 arrow at the base of the Siwaiiks. This new foredeep, which for convenience we 




Tuxx-fig. 6. The Pleistocene Indo-brahm River. After Dr. D. IT. Wadia {Proa. Nat. Inst. 

Sci. India, 4, p. 389, 1938). 

can call the Pleistocene Foredeep, must have taken up the function of draining 
northern India to the Arabian Sea. 




TicxT-ma. 7. The dismemberment of the Pleistocene Indo-brahm River. (After Dr. D. N. 
Wadia, Proc, Nat. Inst. Sci. India, 4, p. 389, 1938.) 
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By this time, the Assam plateau had come into existence, ai^ so the ^ ® Jj. 
could flow as a river from east to west: its remnant is the n - ■ g ■ ' ' \ ' 
our contemporary geography. In some places, the alluvium is sui . ' . . y 
deep as 18,000 feet, and below the alluvium the rock probably has the cons i ■ - J 

the rocks of the Siwalik Hills. „ nnrf 

Thus, it would appear that a part of the Pliocene Foredeep also ; beuimc u p i t 
of the Pleistocene Poredeep. Early in the Pleistocene, but not the Hioccnc wo 
.an Indo-brahm River, which played a great part in bringing about mmfoi inn y « ™ 
Tndo-Gangetic fish fauna; for it was during the Pleistocene that the grcatoi j ait, ^ 
the recent freshwater fish fauna of India entered the country. . ie p ^ 

i drainage of northern India resulted from the last phase of compression, wine 
occurred in the Sub-Recent period. . , 

Therefore, the dismemberment of the Indo-brahm took place in the very laU, 
Pleistocene, hut before the fourth and fifth phases of glaciation, as is evident from 
the spreading of the Gangetic fauna to the Mahanadi and Godavari Rivers only 
when the sea-level was much lower than it is at present. This dismemberment 
enabled the Ganges and the Brahmaputra to find easy access to tho sea through 
the Garo-Rajmahal Gap, which would appear to have been in existence before that 

period. , 

The Gap is so important a feature of the physiography of India from the view- 
point of fish distribution, that I shall now turn to discussing it. 



The Garo-Rajmahal Gap. 

When the idea that the Vindhya-Satpura trend of mountains served as the 
main route of migration for the torrential fishes occurred to me in 1937, the Garo- 
Rajmahal Gap assumed special importance for biogeographieal studies. Eater, 
much evidence in favour of the Satpura Hypothesis of dispersal became available, 
and I (1944) provoked a discussion by writing an article on the probable age of the 
Gap. Several geologists took part in the discussion, hut the position remained 
ambiguous. In 1949, in the Symposium on the Satpura Hypothesis, the Gap 
received considerable attention, hut there remained the same ambiguity. 

Other ecological factors have since been found (Hora, 1951) that permitted 
transgap dispersal of torrential animals, hut the fact remains that the Gap seems 
to have acted as a barrier to fish dispersal during certain periods. Its chronology 
and physiography are accordingly of vital importance in the study of freshwater 
fish distribution in India. Therefore, we are greatly indebted to Dr. M. S. Krishnan 
(1952, p. 47) for clarifying the sequence of events which led to the formation of the 
Gap. He writes : 

‘In the early part of the Tertiary era, the Assam plateau did not exist and 
the area now occupied by it was under the sea, for we find strata of Eocene ago 
along the southern margin of the plateau. The plateau seems to have boon 
uplifted to the present position in the Miocene period. There is also some 
evidence that a series of uplifts took place in Chota Nagpur plateau during the 
Tertiary era. It seems likely that some weakness developed in the region 
between the Rajmahal hills and the Garo hills during the period of uplift of the 
Assam plateau, for we know that the northern margin of the plateau is marked 
by a rift or fracture (called a ‘fault’ by geologists), while the southern margin 
is a steeply dipping arm of a flexure or fold which plunges down into the Surma 
Valley. The Garo-Rajmahal gap may therefore have been formed either 
during the Miocene period of compression or later.’ 

According to Dr. Krishnan’s maps of the land and sea boundaries of India 
during certain geological epochs, it would appear that the Assam plateau began to 
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make its appearance in the Miocene ; for during that period the land and sea bound- 
ary in the region of Shillong would appear to be more or less the same as during the 
Eocene. The fault that produced the Gap may have occurred when the area was 
covered by the sea, for even the Pliocene map of Dr. Krishnan still shows it under 
the sea. As we have no fossil evidence of any fish dispersal to Peninsular India 
during the Pliocene, Dr. Krishnan ’s map must be regarded as correctly representing 
the land and sea boundaries over this region. 

It should bo added that, though the actual fault may have been either of 
Miocene or Pliocene age, the Garo-Rajmahal Gap seenas.to have taken its present 
form as a physiographic feature of India during the Pleistocene. It was only during 
the late Pleistocene that the Ganges and the Brahmaputra river-systems appeared 
as wo know them today, and found their way to the sea through the Gap. 

I have tried to show how, with the formation of the Himalayas and the 
Pleistocene Poredeep, freshwater fishes from the north-east colonized northern 
India. We shall now see how, with the Garo-Rajmahal area becoming dry land, 
the movements of fishes from the north-east were facilitated to Peninsular India. 
In any case, the present-day freshwater fish fauna of the Peninsula is not older than 
the Pleistocene. 



Freshwater Fishes oe the Peninsula Today. 

We have seen that so long as the Assam land bridge between India and south- 
west China was in existence, Peninsular India was invaded several times t>y 
freshwater fishes from the north-east : Dipnoans during the Triassic ; Ganoids during 
the Jurassic and Cretaceous; and Ganoids and Teleosteans during the Eocene. 
The fishes of the first two invasions died out completely owing to desiccation, while 
those of the later invasions were completely annihilated by the formation of the 
Deccan Traps. Moreover, with the breaking up of the Assam land bridge by the 
transgression of the Bay of Bengal during the Middle Eocene, no more freshwater 
fishes seem to have invaded this part of India until the Pleistocene period. There 
are no fossil records of freshwater fishes from Peninsular India after the Lower 
Eocene. 

We have also seen that, with the formation of the young Himalayas, northern 
'India began to receive freshwater fishes from China during the Pliocene. Their 




Text-fig. 8. The lower courses of the Ganges and the Mahanadi during the height of a Glacial 

period (Hypothetical). 





12 



AOTTVERSARY ADDRESS: 



fossils in the Siwalik beds provide ample testimony to this effect. Peninsular 
India, on the other hand, received its fish fauna after the area covered by the Garo- 
Rajmahal Gap had become dry land during the Pleistocene. The periodicity of 
migration across the Gap was determined by the eustatic movements of the sea. 
during the glacial epochs. 

After the dismemberment of the Indo-brahm during the last glaciations, when 
the sea-level was a few hundred feet lower than it is now, the waters ol the (hinges 
and Mahanadi probably formed a common delta permitting the mingling ot the 
fauna. The fauna that had migrated to the Western Ghats along the Satpum 
trend of mountains, during the successive glacial periods, had the opportunity of 
spreading eastwards, and to the north of the Vindhya-Satpuras, when the tilting of 
the Peninsula occurred during the late Pleistocene. 

All these aspects have been studied recently by my colleagues and myself 
(Hora, 1951; Menon, 1951; Silas, 1952; Horn, 1952, in press), and those who are 
interested in the Pleistocene geography of India should, I believe, find information 
of some value in these contributions. We have established, on the evidence of fish 
distribution and speciation through isolation and the dynamics of environmental 
changes, that the following geographical phenomena took place during the 
Pleistocene : 

(1) The Garo-Rajmahal Gap appeared as a physiographic feature of India 

in the Pleistocene, as a result of the Pliocene-Pleistocene phase of 
compression of the Himalayas; or it may have appeared as dry land 
during the earlier glacial periods of the Pleistocene. 

(2) In the foredeep of the rising Himalayas, there flowed a freshwater 

Pleistocene river, the Indo-brahm, from Assam to the Arabian Sea. 

(3) Through eustatic movements of the sea .during the glaciation phases, 

movements of fishes could take place across the Garo-Rajmahal Gap; 
and it is probable that freshwater fishes migrated to Peninsular India 
only during these favourable phases. 

(4) The tilting of the Peninsula occurred during the late Pleistocene, and it 

was only then that its present-day west to east drainage was estab- 
lished. Before the tilt, there was an east to west Narbada-Tapti 
River, flowing at the base of the Satpura, into which drained the 
Mahanadi and the Godavari Rivers flowing north-westwards. 

(5) During the last glacial phases, after the tilt and the dismemberment of 

the Pleistocene Indo-brahm, both of which may be the results of 
identical forces, the Ganges and the Mahanadi formed a common 
delta. Some contemporary tributaries of the Godavari may then 
have drained into the Mahanadi. 

These are our principal conclusions. We feel they are of some importance to 
the development of Asian biology, and I have hoped to show in this address that 
geologists and geographers can use them as indicators for a fuller understanding of 
the palaeogeography of our country. Moreover, as I hinted to begin with, there is 
a larger purpose — perhaps you can call it a philosophical purpose — behind the 
correlative ideas I have had the honour of placing before you. It is the purpose of 
closer liaison between those of us who seem to be working at very different branches 
of knowledge, but whose results merge into a unity. Sometimes we are inclined to 
lose sight of this unity, to think that specialization is a narrowing down of one’s 
interests rather than a means of enlarging the unity of knowledge by .intensive 
studies , and. if what I have said this afternoon, and elsewhere, helps to bring about 
a reorientation of scientific approaches in India I shall feel amply rewarded. The 
patience with which you have listened to me suggests that this point of view appeals 
to you, and I thank you very sincerely for your encouragement. 
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DISTRIBUTION OF HIMALAYAN FISHES AND ITS BEARING ON 
CERTAIN PALAEOGEO GRAPHICAL PROBLEMS. 



By Sunder Lad Hora, D.Sc., F.R.8.E., F'N.I., Assistant Superin- 
tendent, Zoological Survey of India, Calcutta. 

The physical and biological factors that govern the life of a, torrential 
fauna 1 are of a very special nature and tend to restrict the distribution 
of hill-stream animals. Of the various physical factors, two arc of 
special significance, the rapidity of the current and the consequent high 
percentage of dissolved air in mountain brooks. In response to the 
former, the organisms have developed various types of adhesive devices 
to prevent being washed away by the strong currents and spend most of 
their life clinging to rocks and boulders, while the greatly flattened or 
torpedo-shaped body presents a stream-lined form to the rushing current. 
As an adaptation to the high percentage of oxygen in these waters, the 
respiratory organs are reduced, for in such habitats even a comparatively 
much smaller area is sufficient to absorb enough oxygen for the require- 
ments of an organism. Hill-stream animals are, as a rule, not suited for 
existence in muddy, sluggish water, and under such conditions usually 
die through asphyxiation within a very short period. As an example 
of biological factors, attention may be directed to the fact that the 
majority of the liill-stream fishes feed by scraping oil algal slime and 
insect larvae that encrust rocks and stones, and consequently their mouths 
and jaws are specially modified for this purpose. It is obvious that the 
same method of feeding cannot he employed on a muddy substratum. 

The distribution of the highly specialised hill-stream, fishes, there- 
fore, cannot be affected by the ordinary methods of dispersal along 
water channels, because the nature of the substratum 2 and the rapidity 
of the current are very potent factors for the existence of these animals. 
Their distribution along a mountain range lias to be explained in terms 
of river-captures, longitudinal river valleys or tilting of mountain blocks 
so that the courses of the streams may alter without impairing their 
torrential nature. The distribution of the southern Himalayan fishes 
shows that all the three processes have been responsible in varying 
degrees for the dispersal of the fish fauna in this region, and that the 
Himalayan uplifting movement, though it may have been fairly uniform 
in the beginning over large areas, certainly became localised towards 
the end. Through the influence 6f these unequal orogcnic movements, 
extending from the middle Eocene to almost within, geologically speak- 
ing, recent times, the Himalayas became hydrographieally divided into 
a number o:f units which can be roughly demarcated with the help of their 
fish faunas. It is the object of this article to elucidate the probable 



1 Hora, 8. L. — Ecology, .Bionomics and Evolution of tho Torrential Banna, with 
special reference to the organs of attachment. Phil. Trans. Roy. Soo. London, B, 
CCXVIII, pp. 171-282 (1930). 

2 Hora, S. L. — Nature of Substratum as an important factor in the ecology of 
Torrential Fauna. Proc. Nat. Inst. Sci. India, II, pp. 46-47 (1936). 
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boundaries of these hydrographical divisions of the Himalayas. Evi- 
dence is also adduced from the nature of the fish faunas of the north and 
south faces of the Himalayas to discuss whether the present-day drainage 
of the Himalayas is evolved from an ordinary “ consequent drainage ”, 
i.e., the rivers flowed north or south of the crest, or is the result of an 
“ antecedent drainage Observations are also made regarding the 
existence of the so-called “ Indobrahm ” or the “ Siwalik River ” of the 
Tertiary period. 



Distribution or Fishes along the southern face of the 

Himalayas. 



Ecologically, the Himalayan fishes can be divided into several cate- 
gories and in discussing their geographical distribution it is well to bear 
in mind their respective associations. For instance, several species ol‘ 
Barbus Cuvier and Labeo Cuvier occur all along the Himalayas, but 
essentially they are forms of the plains which live in pools or deeper 
portions of the streams of the Himalayan foot-hills ; some of them 
maintain themselves in swift currents through sheer muscular efforts. 
Oreinus McClelland, on the other hand, represents the Central Asiatic 
element on the southern face of the Himalayas ; it spreads from Afghan- 
istan, along the whole of the Himalayas and the contiguous ranges of 
hills, to south-eastern China. So fa-r as is known, the fishes of this genus 
appear to be strictly residents of rivers in hilly regions, neither descend- 
ing far into the plains nor occurring on level plateaux on the summits of 
mountains. Unlike the other Schizothoracinac, their mouths are pro- 
vided with an adhesive device which enables them to resist being washed 
away in mountain torrents. Oreinus is a trout-like muscular fish and 
seems to have evolved from stocks of Schizothorax Heckel that may have 
been washed down from the Trans-Himalayan sections of some of our 
modern rivers. 

A group of genera , 1 comprising Crossobhilus van Hass., tiendplotus 
Bleelcer, Ghaea Gray, Sisor Hamilton, Leiocassis Bleeker, Gaguta Blocker, 
Ncmgra Day, Bagarius Bleeker, etc., is found in the streams of the foot- 
hills in comparatively deeper and less rapid-flowing waters ; while 
Loaches or Loach-like cat-fishes, such as NemacMlus van Hass., Lepi- 
docephalichthys Bleeker. Acauthophthalmws van Hass., Somikptes Swain- 
son, Acanthopsis van Hass., Olyra McClelland, Amblyceps Blyth, Erc- 
thistes Mull, and Trosch., Parasilurus Bleeker, etc., live among pebbles 
and stones at the bottom and escape the effect of the rushing current. 
Though Garr a Hamilton and Glyptothorax Blyth are provided with 
adhesive devices they are found both in torrential streams and in streams 
with moderate currents. These are essentially rapid-water forms, but 
have taken secondarily to slow waters. The typical torrential genera 
are Pseudecheneis Blyth, Exostoma Blyth, Euchiloglanis Regan, Balitom 
Gray and certain species of Psilorhynchus McClelland; these are res- 



. Attention may also be directed to the amphibious, marsh-loving fishes of the genus 
Ophicephalus which are sometimes found at the sides of mountain streams in burrows 
and are not affected by the strength of the current. Those are found throughout the 
plains ox south-eastern Asia and are capable oi' Wriggling about ou wet ground. * 
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tricted in their distribution to very fast flowing waters, and are accord- 
ingly the most highly adapted forms for life in mountain brooks. 

Before discussing the distribution of the genera enumerated above, 
it seems worth while to form some conception of the age and geographical 
divisions of the Himalayas. According to Burrard, Hayden and Heron 
(p. 86)S 

“ Though the whole length of the great Himalaya range belongs to one geological 
age, yet the Punjab Himalaya are supposed to have arisen at a somewhat later date than 
the Nepal Himalaya. The presence at elevations of 16,000 feet in the Punjab Himalaya 
of nummulites indicates that this portion of the range did not emerge from the sea till 
comparatively recently.” 

It is further stated that 

“ The rocks of the Siwalik range are stratified and date from the later half of the 
Tertiary period ; those of the outer Himalaya are stratified also hut are very much 
older.”' 

For descriptive purposes the total length of the Himalayas from 
Namcha Barwa in the east to Nanga Parbat on the west, about 1,500 
miles, is divided into four sections by three meridional lines, (i) The 
Tista, (ii) The Kali and (iii) The Sutlej. The easternmost, section, 
about 450 miles, is known as the Assam Himalayas, the nest section 
of about 500 miles is the Nepal Himalayas, then a length of about 200 
miles is the Kumaon Himalayas and the last about 350 miles form the 
Punjab Himalayas. 

“ Whilst in all tho four parts the. great range rises like a wall and the outer ranges 
tend to run parallel to it, no one portion of the Himalaya resembles another.” 

. “ In Nepal we find numerous rivers cutting across the Great Himalaya range ; in 
the Punjab between the Sutlej and the Indus we do not find one. In Nepal the great 
peaks stand in clusters and rows ; the great peak of the Punjab stands in solitude.” 

In considering the distribution of fishes along the south face of tho 
Himalayas, there is one fact which appears most striking at the very 
outset, i.e.. the great variety of forms towards the east as compared with 
the case of the west. For instance, in the Brahmaputra and the Tista 
drainage systems all the genera of fishes enumerated above are found ; 
wnile towards the west in the Gangetic drainage system we only find 
Chaca, Amblyceps, Bagarius, Glyptothomx , Hrethistes, Gagata, Nangra, 
Lepidocephalichthys, Nentachihis, Gavra and Semiplotus. Not one of 
these genera represents a highly specialised torrential form, and, with 
the exception of Gagata, Nangra and Semiplotus, all are widely distri- 
buted in the Oriental Region ; the range of Nemachilus . Garret, and 
Glyptothomx extends for a considerable distance towards the west. 
.There is one genus of large CatAshes — Sisor Hamilton-— which was re- 
corded by Day from both the Indus and the Ganges systems ; but it was 
found by Shaw and Shebbeare and Mukerji to occur also in the Tista river. 
In the Punjab Himalayas or the Indus drainage system Chaca , Erc- 
ihistes and Semiplotus are absent. Unfortunately no systematic account 
of the Himalayan fishes has so far been published, and in the case of 
old records precise localities are not mentioned. In the case of Semi- 
plotus, however, it may be noted that Day gave its distribution as 
“ Assam, and Chittagong Hill ranges, as well as Burma ”, but recently 



1 Burrard, S. G. and Hayden, H. H . — A Sketch of the Geography and Geology of the 
Himalaya Mountains and Tibet. 2nd Edition, revised by Burrard, S. G. and Heron 
(Delhi : 1933). ' 



